Endoscopic ultrasound-guided gastroenterostomy (EUS-GE) appears to be suitable for malignant gastric outlet obstruction (GOO), serving as a hybrid treatment that includes the advantages of a long unobstructed period and less invasiveness. Two patients each, described in this report, had an unresectable cancer and underwent endoscopic metal stent placement in the stenotic enteric segment of a malignant GOO, which resulted in frequent stent replacement. EUS-GE was then performed with a fully covered, self-expandable, lumen-apposing metal stent, which combined a cautery tip-equipped access catheter. The patients' symptoms of nausea and vomiting were rapidly alleviated and did not recur during the follow-up period of 6 months. EUS-GE appears to be feasible after obstruction of a metal stent in a tumor segment. It may be a preferred alternative in patients with malignant GOO.
Introduction
Gastric outlet obstruction is a common problem in the terminal stage of many digestive malignancies, such as gastric cancer, duodenal cancer, periampullary cancer and pancreatic cancer. 1 Gastric outlet obstruction (GOO) significantly reduces the patient's quality of life because it is often connected with symptoms of nausea, vomiting, abdominal distension, and loss of appetite. 2 In recent years, endoscopic enteric metal stent placement for the treatment of malignant GOO has become one of the alternatives to surgical gastrojejunostomy, providing the benefit of being less invasive. 3,4 However, recurrent obstructive symptoms were common after stent placement because of cancer tissue in-growth. 5 Endoscopic ultrasound-guided gastroenterostomy (EUS-GE) appears to be more suitable for malignant GOO, serving as a hybrid treatment that includes both advantages of a long unobstruction period in surgical gastrojejunostomy and less invasiveness in endoscopic metal stent placement. 6 Hence, we present herein two EUS-GE cases to support the successful use of this procedure as an alternative treatment to enteric stent placement.
Case report
The two patients each had an unresectable cancer and underwent endoscopic metal stent placement in the stenotic enteric segment of malignant GOO (one patient underwent the procedure once and the other three times). One patient was a 45-year-old female who suffered from cholangiocarcinoma and had received radiotherapy and chemotherapy prior to the EUS-GE. The other patient was a 53-year-old male who suffered from gastric adenocarcinoma. Both patients provided informed consent for publication of this case. The case report was also approved by the local research ethics committee.
The average gastric outlet maintenance period for these two patients was 102 days, and this resulted in frequent stent replacement ( Fig. 1a ). EUS-GE was performed with a fully covered, selfexpandable, lumen-apposing metal stent (LAMS) (12 mm in diameter and 2.5 cm in length), which combined a cautery tip-equipped access catheter (MicroTech, Nanjing, China). The LAMS was then deployed between the stomach and jejunum without any adverse event ( Fig. 1b ; Supplementary Video 1). A gastroscope (external diameter 8.9 mm) was able to pass through the stent into the jejunum (Fig. 1c ). The average total procedure time was 68.5 min (68 and 69 min respectively). The average time between puncture Shen Y. et al: EUS-GE after disuse of enteric metal stents for malignant GOO Explor Res Hypothesis Med and successful delivery of the stent was 42.5 min (40 and 45 min respectively). All procedures were performed by two expert endoscopists.
There was no complication in either of the two patients. The two patients reported feeling slight epigastric pain which remitted the next day. The patients' symptoms of nausea and vomiting rapidly disappeared. Upper gastrointestinal examination with gastrografin on the following day showed the stent to be functioning well (Fig. 1d ). The symptoms did not recur during the follow-up of 6 months.
Discussion
Surgical gastrointestinal anastomosis is a traditional treatment for GOO, but it requires patients to be in good condition. Endoscopic metal stent placement in the stricture area is relatively simple and less traumatic, but stent clogging requires repeated implantation when the cause of stenosis is malignant because of the rapid growth of tumor tissue into the stent, which brings more pain to the patients. Recently, EUS-GE has become an alternative treatment. It uses a LAMS to establish a new pathway between the stomach and jejunum, thus bypassing the stricture site. It has the advantages of minimal invasion, being a nonblocking stent, and maintaining patency for a long time. A number of studies have shown that EUS-GE is safe and effective, with a technical success rate and a clinical success rate of 87-90%. 7,8 Compared to enteral stent placement, EUS-GE has a higher initial clinical success rate and lower stent failure rate requiring repeat intervention. 9 The main complications of EUS-GE include intestinal fistula, bleeding, and stent displacement. The emergence of a new type of LAMS significantly reduced the occurrence of stent displacement in different endoscopic anastomosis procedures. In EUS-GE, a number of studies have taken the lead in the application of LAMS in animal experiments, without occurrence of stent displacement. 6 Since then, this type of stent has been successfully used in a number of human patients who have undergone this technique. The emergence of an intestinal fistula is mainly related to the operation process itself. Gastrointestinal perforation can be produced during the puncture. However, as long as stents can be successfully placed, the design of LAMS can block the perforation site and effectively prevent further intestinal fistula.
The experiences with our cases indicate that EUS-GE can be safe and effective after disuse of enteric metal stents for malignant GOO. However, the EUS-GE procedure should be performed by expert endoscopists. EUS-GE is a promising treatment for malignant GOO and more patients will benefit from it.
Conclusions
EUS-GE appears to be feasible after obstruction of a metal stent in a tumor segment. Further, it may be a preferred alternative in malignant GOO patients. Shen Y. et al: EUS-GE after disuse of enteric metal stents for malignant GOO Explor Res Hypothesis Med revising the manuscript for important intellectual content (LW, XPZ, GFX).
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Supplementary Video 1. Endoscopic ultrasound-guided gastroenterostomy for the treatment of malignant gastric outlet obstruction.
